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Appendix A 

Testing Procedures and Measurement Frequency/Protocol 

Table A- 1. Measurements for cold bench-scale tests-chemical oxidation. 

Traceability to 
Measurement/Observation Test Objectives Matrix Sample Frequency Sample Location Proposed Method 

Weight of reaction flask 

Weight of surrogate 
components 

VOCs in surrogate 

SVOCs in surrogate 

PCBs in surrogate 

Metals in surrogate 
? w 

Mercury in surrogate 

Initial volume of surrogate 

Initial weight of surrogate 

Temperature of fluid bath/ 
temperature of fluid entering 
flask jacket 

Temperature of water exiting 
flask jacket 

Flow rate of fluid circulating 
through jacket 

Temperature of cooling water 
at reflux condenser inlet 

TO 2 

TO 2 

TO 2 

TO 2 

TO 2 

TO 2 

TO 2 

TO 2 

TO 2 

TO 3 

TO 3 

TO 3 

TO 3 

NIA 

Liquidsolid 

Surrogate emulsion 

Surrogate emulsion 

Surrogate emulsion 

Surrogate emulsion 

Surrogate emulsion 

Surrogate emulsion 

Surrogate emulsion 

Liquid 

Liquid 

Liquid 

Liquid 

Before test 

Before addtion to 
reaction flask 

After surrogate is 
generated 

After each batch of 
surrogate is generated 

After each batch of 
surrogate is generated 

After each batch of 
surrogate is generated 

After each batch of 
surrogate is generated 

Before test 

Before test 

Every 15 minutes 
during test 

Every 15 minutes 
during test 

Before each test 

Every 15 minutes 
during test 

Reaction flask 

Weighing paperhottle 

Surrogate storage 
container 

Surrogate storage 
container 

Surrogate storage 
container 

Surrogate storage 
container 

Surrogate storage 
container 

Reaction flask 

Reaction flask 

Fluid bath 
readoutkhermometer in 
fluid bath 

Exit of flask fluid jacket 
at return to bath 

Fluid exiting flask into 
bath 

Reflux condenser inlet 

Balance 

Balance 

Gravimetric determination 

Gravimetric determination 

Gravimetric determination 

Gravimetric determination 

Gravimetric determination 

Graduated cylinder 

Balance 

Thermometer 

Thermometer 

Graduate 
cylinderlstopwatch 

Thermometer 



Table A-1 . (continued). 

Measurement/Observation 

Temperature of cooling water 
at reflux condenser outlet 

Flow through reflux 
condenser 

pH in reaction flask 

Temperature in reaction flask 

? 
P 

Chloride ion 

Oxidizer flow rate 

Time interval for each 
oxidizer flow rate change 

Additions of other reagents to 
reaction flask (pH 
adjusterdcatalysts, etc.) 

Noncondensable gas flow rate 
at outlet of Dewar condenser 

Gas at outlet of Dewar 
condenser 

Barometric pressure 

Ambient temperature 

Traceability to 
Test Objectives Matrix 

TO 3 Liquid 

TO 3 Liquid 

TO 10 Surrogate emulsion 

TO 10 Surrogate emulsion 

TO 10 Surrogate emulsion 

TO 2, TO 7, TO 8 Liquid 

TO 2, TO 7, TO 8 N/A 

TO 2 Liquidholid 

TO 4, TO 9 Gas 

TO 4, TO 9 Gas 

TO 3 Air 

TO 3 Air 

Sample Frequency 

Every 15 minutes 
during test 

Before each test 

While adding acid to 
adjust pH, 
every 5 minutes 
during test duration, 
every minute during 
excursions 

While adding acid to 
adjust pH, 
every 5 minutes 
during test duration, 
every minute during 
excursions 

End of test 

Every 15 minutes 
during test 

Each time oxidizer 
flow rate changes 

Before every 
addition, determine 
weight added. 

Every 10 minutes 
during test 

Every 10 minutes 
during test 

Daily during testing 

Daily during testing 

Sample Location 

Reflux condenser outlet 

Fluid exiting fluid bath 

Two probes in reaction 
flask 

Two probes in reaction 
flask 

Reaction flask 

Syringe pump 

Laboratory clock 

Transfer container 

Bubble meter at 
apparatus outlet 

Bubble meter at 
apparatus outlet 

Laboratory barometer 

Laboratory thermometer 

Proposed Method 

Thermometer 

Graduate 
cylindedstopwatch 

pH meter 

Thermistor in pH meter 

ISE for chloride 

Syringe pump readout 

Difference in time from 
interval start to finish 

Balance 

Bubble meters and mass 
flow meter 

Thermocouple 

Barometer 

Thermometer 



Table A-1 . (continued). 

Traceability to 
Measurement/Observation Test Objectives 

TO 4, TO 9 Gas composition 

Matrix Sample Frequency 

Gas Every 15 minutes 
during test or more 
frequently, if possible 

Gas Every 15 minutes 
during test 

NIA Record the time of 
test start and finish. 

Liquid After test 

Sample Location 

Septum at outlet of 
reflux condenser 

Proposed Method 

EPA Method 18 GC/TCD 
or GCIMS 

Noncondensable gas 
composition 

Time to complete test 

TO 4, TO 9 

TO 2, TO 7 

Septum at outlet of 
Dewar condenser 

Laboratory clock 

EPA Method 18 GC/TCD 
or GCIMS 

Difference in time to nearest 
minute 

Gravimetric determination Final weight of condensate TO 4, TO 9 Condenser receiving 
flask 

Reaction flask contents Final weight of surrogate 
reaction products 

Final volume of surrogate 
reaction products 

VOCs in surrogate reaction 
products 

SVOCs in surrogate reaction 
products 

PCBs in surrogate reaction 
products 

Metals in surrogate reaction 
products 

Mercury in surrogate reaction 
products 

DRE 

? rn 

TO 2, TO 7 

TO 2, TO 7 

Reacted surrogate After test Gravimetric determination 

Reacted surrogate After test Reaction flask contents Graduated cylinder 

TO 2, TO 7 Reacted surrogate After test Reaction flask SW-846 8260B 

TO 2, TO 7 Reacted surrogate After test Reaction flask SW-846 8270C 

TO 2, TO 7 Reacted surrogate After test Reaction flask SW-846 8082 

TO 2, TO 7 Reacted surrogate After test 
from definitive runs 

Reacted surrogate After test 

Reaction flask SW-846 3050B and 6010B 

TO 2, TO 7 Reaction flask SW-846 7470 

TO 2,TO 7, 
overall objective 

NIA After test NIA Calculation from initial and 
final concentrations of 
CFTs 

Condensate composition TO 4, TO 9 Condensate After test Condenser receiving 
flask 

Reaction flask after test 

SW-846 8260B 

Weight of reaction flask TO 2 NIA After decanting 
contents of flask 

Gravimetric determination 



Table A-2. Measurements for corrosion tests. 

Traceability to 
Measurement/Observation Test Objectives Matrix Sample Frequency Sample Location Proposed Method 

Initial weight of coupon TO 5 Solid Before a d d q  to Material coupons Gravimetric determination 

Final weight of coupon TO 5 Solid After corrosion test Material coupons Gravimetric determination 

reaction flask 

Visual TO 5 
inspectiodphotographing 
coupons 

Solid Before/after corrosion Material coupons Visual 
test 

Table A-3. Measurements for bench-scale cold tests-stabilization of reaction products. 

Traceability to 
Measurement/Observation Test Objectives 

Storagekure temperature LDR achievement 

Storagekure time LDR achievement 

Ratio of waste to grout LDR achievement 

TCLP Metals (Cr and Hg) UTS for disposal 

Paint filter test ICDF waste 
acceptance criteria 

Compressive strength ICDF waste 
acceptance criteria 

Matrix 

Stabilized, reacted 
surrogate 

Stabilized, reacted 
surrogate 

Stabilized, reacted 
surrogate 

Stabilized, reacted 
surrogate 

Stabilized, reacted 
surrogate from 
definitive runs 

Stabilized, reacted 
surrogate from 
definitive runs 

Sample Frequency Sample Location 

Daily during cure Water bath 
time 

Elapsed time for Laboratory clock 
curing 

While preparing Grout mixing container 
stabilized, reacted 
product 

After 7-day cure Cured grout 

After 30-day cure Cured grout 

After 30-day cure Cured grout 

Proposed Method 

Water bawthermometer 

Laboratory clock 

Gravimetric 
determinatiodcalculation 

SW-846 1311 

SW-846 9095 

Handheld penetrometer 

CFT = contaminant for treatment. 
DO = dissolved oxygen. 
DRE = destruction and removal efficiency. 
EPA = U.S. Environmental Protection Agency. 

GC = gas chromatograph. 
ICDF = INEEL CERCLA Disposal Facility 
ISE = ion selective electrode. 
LDR = land disposal restriction. 

MS = mass spectrometer. 
PCB = polychlorinated biphenyl. procedure. 
SVOC = semivolatile organic compound. 
TCD = thermal conductivity detector. 

TCLP =toxicity characteristic leaching 

TO =test objective. 
UTS = universal treatment standard. 
VOC = volatile organic compound. 
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Appendix B 

Computational Methods and Examples 

TO 2: Determine Conversion Extent of CFT Destruction 

The conversion of the contaminants for treatment (CFTs) is only partially determined by the data 
available from the test results. DRE, destruction-removal efficiency, is easily determined, although not 
with a high degree of precision, by comparing the mass of each CFT in the product slurry with that 
charged to the reaction flask. 

For example, in Run F9a, the CFTs are trichloroethylene (TCE) tetrachloroethylene (PCE), 
trichloroethane (TCA), bis-ethylhexylphthalate (BEHP), hexachlorobenzene (HCB), and biphenyl (BP) 
Hexachlorobenzene and biphenyl are substitutes for Arochlor 1260 in most of the runs; however, in the 
final formal runs Arochlor is added to the reaction flask, also. 

As calculated in the Excel spreadsheet used to enumerate the results of each formal test 
(surrogateSTK.xls), the formula for DRE calculation is: 

M CFT f is the mass of the compound in the products of the reaction. The mass is determined by the 
concentration of compound as analyzed by BWXT and by the mass of the product slurry as measured by 
MSE Technology personnel: 

M C F T ~ =  [ CFT] My/ (1,000 gdkg)  

The concentration of the contaminant of concern, [ CFT 1, is in units of milligram of compound per 
kilogram of final product (mg/kg) in the Excel spreadsheet. The mass of the product slurry, M 5 is in 
grams. The reported quantity of the CFT is in units of total milligram in the product slurry. 

M CFT I is the amount of the compound charged to the reaction flask. Each volatile and semivolatile 
compound that is charged to the reaction flask is weighed on an analytical balance using weighing paper, 
weighing boats or microliter syringes. 

The DRE determination for each CFT is then based on the weight charged to the reaction flask, the 
final product weight and the analysis of the compound (ppmw) in the product slurry. The equation 
expressing this result is, then: 

DRE= 100% (1 -([CFT] M f / ( l , 0 0 0 g d k g ) ) / M ~ ~ ~ ~ }  

For semivolatile compounds, the above equation calculates both the DRE and percent conversion 
of the compound during the course of reaction. For volatile compounds, the equation calculates the DRE, 
but, not necessarily, the conversion by reaction. Conversion of volatile compounds has to take into 
account the loss of volatiles from the reaction flask by volatilization. 

Test MV, the method validation test, reported DREs for TCE of 99.98%, for PCE of 99.6% and for 
TCA of 99.7%. The method validation test heated the standard reaction flask charge to 80°C for 8 hr. No 
peroxide was added to the flask during Test MV; oxygen was bubbled through the flask at about 
200 accm. 
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Test MV showed that the volatile compounds would leave the reactor, and that DRE essentially 
consists of volatilization. The sparse GUMS results available for runs F-6 (40"C, 500 mL H202) and F-13 
(40"C, 400 mL H202, 12 hr) and F-21 (SO", 250 mL H202, 8 hr) indicate that the volatiles occur at low, 
consistent concentrations in the off-gas throughout the 40°C runs; but appear in high concentrations early 
in the 80°C test and diminish rapidly as the run proceeds. 

Uncertainty Analysis 

For a result "r," calculated by a hnction such as r = r(x, y, z), the general method for determining 
uncertainty in the result is": 

Where U, is the uncertainty in the result and U,, U, and U, are the respective uncertainties in the 
independent variables. 

The equation for the DRE is rewritten below to facilitate error analysis: 

The partial derivatives for the right hand term are: 

(a[l -DRE]/d[CFT])=Mf/(l,OOOgdkg))/MCFTI 

(a[l -DRE] / a M f ) = ( [ C F T ] / ( 1 , 0 0 0 g d k g ) ) / M ~ ~ ~ ~  

The uncertainty equation then becomes: 

Dividing through the left hand side of the uncertainty equation by: 

[ 1 - DRE]' 

and the right hand side by: 

simplifies the expression to: 

a. Experimentation and Uncertainqinalysis for Engineers; Hugh W. Coleman, W. Glen Steele, Jr.; John Wiley and Sons; 1989. 
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The above-simplified form of the uncertainty equation will be used for the succeeding sections of 
this report without derivation. 

The following are the estimated uncertainties of the independent variables : 

UICFTI/[CFT] = f 20% = 0.2 

u Mf= f 0.1 g/2 

M y =  619.4 g [test F-16 (SO', 500 mL H202, 12 hr)] 

U Mf/Mf= f 0.05/619.4 = 80.7 E-6 

UMCFTI=f 0.0001 g/2 

M CFTI = f 0.1656 (TCE, test F-16) 

UMCFTI/M CFTI=f 0.00005 / .1656=302 E-6 

{U(1 -Dm)/ (1 - DRE)}2 = {0.2}2+ { 80.7 E-6}2 + (302 E-6}2= 40.0 E-3 = 0.04 

{U(1-~=)/(1 -DRE)} =(0.04)05=0.2=20% 

The final estimate of the uncertainty of the DRE calculation pretty much shows that the entire 
uncertainty is due to the uncertainty of the chemical analyses, or about f 20%. 

TO 3: Estimate the Rate of Heat Generation 

In order for the contents of the reaction flask to stay at a steady temperature, heat generated by 
reaction, and heat added by the silicon oil, has to be lost through the reflux condenser and the glass 
surface of the flask. The energy of the flask contents is also slightly affected by the enthalpy of the 
peroxide stream entering the flask, and the enthalpy of the vapor stream leaving it. 

The following defines the variables used in determining the heat balance: 

AHg: heat generated by reaction in the flask in calories per minute; 

AHo: enthalpy lost by the silicone oil as it is pumped through the flask; 

AHcw: enthalpy gained by the condenser water in calories per minute; 

AHp: enthalpy gained by the peroxide entering the flask; 

AHog: enthalpy of the gas leaving the reflux condenser; 

Qc: 

Qtt: 

Qtc: 

heat lost by the gas as it transits the reflux condenser; 

total heat lost by the flask through its surface. 

convective heat loss from the top, unjacketed half of the flask; 
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Qbc: 

Qtr: 

Qbr: 

Ta: 

Toi: 

Tor: 

Tci: 

Tcr: 

Tt: 

Tb: 

Mo: 

Mc: 

Mp : 

Mog: 

Yog: 

cw: 

co:  

convective heat loss from the bottom-jacketed-half of the flask; 

radiative heat loss from the top of the flask; 

radiative heat loss from the bottom of the flask; 

ambient room temperature; 

silicone oil temperature from the oil heater; 

silicone oil return temperature; 

condenser water inlet temperature; 

condenser water return temperature; 

flask top half surface temperature; 

flask bottom half surface temperature. 

silicone oil flow rate; 

condenser water flow rate; 

peroxide flow rate; 

reflux exit gas flow rate; 

volume percent water vapor in the reflux exit gas; 

water specific heat; 

silicone oil specific heat; 

AHHzo: latent heat of water vaporization. 

The following equates the energy generated by reaction, and the energy transferred into the flask 
by the silicone oil and by the hydrogen peroxide, to the energy lost by convection and radiation from the 
surface of the flask and by transport of vapor from the flask: 

AHg + AH0 + AHp = Qtt+ Qc + AHog 

The overall heat balance can be rewritten as: 

AHg=- AH0 - AHp + Qtt + Qc + AHOg 

The enthalpy change of the oil (AHo) is negative since the oil cools. The oil enthalpy change is 
calculated by: 

AH0 = Mo Co (Tor-Toi) 
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The enthalpy change of the condenser water (AHcw) is a positive number, since the water heats up. 
The condenser water enthalpy change is subtracted from the energy in the flask since it represents heat 
taken away from the flask, or, Qc = -AHcw. The heat taken away from the flask is due to cooling of the 
non-condensable gas formed by reaction and by condensing the water vaporized into the gas stream. For 
the purpose of this analysis, it is assumed that the gas will be saturated by water vapor as it exits the 
reflux condenser at the temperature indicated at sample port “P2” of the glassware apparatus (Figure 2-1). 
The amount of heat transferred to the condenser water is: 

AHcw = Mc Cw (Tcr - Tci) 

The exit gas from the reflux condenser has been cooled to the point of having near zero enthalpy; 
however, there is a certain fraction of water that has vaporized into it. The energy leaving the flask due to 
water evaporation is accounted for by: 

AHog = Yog Mog AHH20 / 3 1.3 g/gmol 

An average molecular weight of 3 1.3 has been estimated for the exit gas, based on it being mostly 
oxygen with about 5% water vapor as its main constituents. 

The total heat loss through the glass surface of the flask is equal to the convective loss and 
radiative losses from the top of the flask, which are a hnction of the surface temperature of the glass, and 
the corresponding losses through the outer surface of the heating jacket, which are a hnction of the 
surface temperature of that portion of the flask, or: 

Qtt = Qtc + Qtr+ Qbc + Qbr 

Several approaches to estimating the heat loss from the flask were made. The method validation 
test that was run on 2 1 July included all components of the surrogate but no peroxide injection; thus, any 
heat added to the system by the silicone oil had to be lost through the reflux condenser and glass surfaces 
of the flask. There should be no term for heat generation by reaction. 

The upper and lower glass surface areas of the flask were estimated, and convection and radiation 
equations written to attempt to correlate the losses. Mathcad was used to estimate the losses. The Mathcad 
calculations used the surface temperatures of the flask and the ambient air temperature to estimate the 
heat losses. The convective heat transfer coefficient was the only correlating variable. 

The heat loss equations were added to the Excel spreadsheet used to reduce the run data. It was 
eventually determined that a value of the convective coefficient of about 2.75 Btu/hr/ft2/OF provided a 
near fit to the data from the final few tests. 

On the 7th and 12th of August, hrther attempts were made to correlate the heat loss from the 
reaction flask. In these tests, 500 mL of water was placed in the flask and the silicone oil used to heat it. 
The water to the reflux condenser cooled any resulting vapor. 

The data from the heat loss runs were correlated with a linear least squares program against both oil 
bath temperature (Toi) and oil bath temperature minus ambient temperature (Toi - Ta). Both correlated 
with an r = 0.99. 
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The resulting correlations were: 

Qtt = 66.48 (Toi - Ta) - 41 1.25 cal/min, with T in "C 

Qtt = 66.52 Toi - 2324.54 cal/min 

At 100°C oil temperature and 25°C ambient temperature, the above correlations predict a heat loss 
of 4,330 and 4,570 calories per minute, respectively. 

The heat losses from the correlations were used to find a heat transfer coefficient for Run F 16 that 
would match the heat losses from the glassware in the heat loss tests. The average heat transfer coefficient 
for F-16 was 2.74. 

Uncertainty Analysis 

The uncertainty analysis for the generation of energy by the reaction system follows the method 
explained above. For the heat transferred to the flask by the silicone oil: 

1. AH0 = Mo Co (Tor-Toi) 

the uncertainty equation becomes: 

[UAHO / m o l 2  = 

[U Mo / Mol2 + [U co / C O ] ~  + [U Tor / (Tor-Toi)12 + [U Tol / (Tor-Toi)12 

For Run F-16 (SOOC, 500 mL H202, 12 hr), the estimated values of uncertainty and values of the 
variables are: 

U Mo / Mo = (5 mL/min) / 621 (mL/min) 

U co / Co = (0.15 cal/g/"C) / (0.4 cal/g/"C) 

U Tor / (Tor-Toi) = (3°C) / (19.2"C) 

U Tol / (Tor-Toi) = (0.5"C) / (19.2"C) 

The above values give an uncertainty of the heat transferred from the oil of 

[UAHO / AH0 ] = 0.408 = 41% 

The major uncertainty, as can be seen above, is in the heat capacity of the silicone oil. All the 
company contacts and literature inspected to date has not shed light on the heat capacity at temperatures 
around 80 to 100°C for the BOSS DS fluid used in the constant temperature bath. Further work along this 
topic requires that we replace the BOSS oil with one that has documented physical properties. 
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2. AHcw = Mc Cw (Tcr - Tci) 

The heat capacity of water, Cw, is a known quantity, so the uncertainty equation need not address 
it, and becomes: 

[UAHcw / AHcw]~ = [U Mc / M c ] ~  + [U Tcr / (Tcr - Tci)I2 + [U Tcl /(Tcr - Tci)I2 

[U Mc / Mc] = ( 5 mL/min) / (1,069 mL / min) 

[U T~~ / (Tcr - Tci)] = (0.5"C) / (1.9"C) 

[U T~~ /(Tcr - Tci)] = (0.5"C) / (1.9"C) 

the estimate of the uncertainty involved in the heat transferred to the reflux condenser is: 

[UAHcw / AHcw] = 37% 

This uncertainty is due to the very low temperature difference of the cooling water caused by the 
condenser being pinched because of concurrent flow. 

3. AHp = Mp C (Ta - Tr) 

The change in enthalpy of the peroxide is of the same form as the condenser water, so, by 
inspection, the uncertainty is: 

[UAH, / AHpI2 = [UM, / Mp] + [UTa / (Ta - Tr)] + [U Tr / (Tr - Ta)]' 

[UMp / Mp] = [0.001 mL/min / 2 mL/min] 

[UTa/(Ta-Tr)] = [0.5"C/(91.5-25)"C] 

[U Tr / (Tr - Ta)] = [0.2"C / (91.5 - 25)"CI 

[UAH,, I AHp] = 2.38 Y o  

4. AHog = Yog Mog AHm0 131.3 glgmol 

The latent heat of water is known, so the uncertainty equation becomes: 

[u Hog / Hog]2 = [u Yog / y0gl2 + [u Mog / Mog12 

[U yog / Yog] = (0.4 psia / 12.1 psia) = 3.3% 

[U / Mog] = 2.4% (see the next section on TO-4) 

[U Hog I Hog] = 4.1% 

B-9 



5. Qtt = Qtc + Qtr+ Qbc + Qbr 

Qtc = Uo A1 (Ts - Ta) 

[Uuo / Uo] = (0.8 Btu/hr/ft2/"F) / (2.75 Btu/hr/ft2/"F) = ,291 = 29% 

[ u  / A l l  = 15% 

[U Ts / (Ts -Ta)] = (3°C / 48.9C") = 6.1% 

[U Ta / (Ts - Ta)] = (3°C / 48.9C") = 6.1% 

[ u  Qtc / Qtc] = 33.8% 

The majority of the uncertainty in the quantity of heat lost by convection from the top of the flask 
is due to the uncertainty in the heat transfer coefficient and the uncertainty in the irregular area of the 
surface of the flask. 

Qtr = 0.1713 E A1 [(Ts/~OO)~ - (Ta/100)4] 

[U Qtr / QtrI2 = [U E / + [U A1 / All2 

+ [(Uts/lOO) (Ts/~OO)~ /[(Ts/~OO)~ - (Ta/100)4])]2 

+ [-(Uta/lOO) (Ts/~OO)~ /[(Ts/~OO)~ - (Ta/100)4])]2 

[U E / E] = (0.05) 

[U A1 / All = (0.15) 

[(Uts/lOO) (Ts/~OO)~ /[(Ts/~OO)~ - (Ta/100)4]] = 220 E -6 

[(Uta/lOO) (Ts/~OO)~ /[(Ts/~OO)~ - (Ta/100)4]] = - 65.5 E -6 

[U Qtr / Qtr] = 15.9% 

The uncertainty of the transfer of heat from the flask by radiation is controlled by the uncertainty of 
the area estimate almost wholly. 

The values for the bottom of the flask, Qbc and Qbr are assumed to be the same as those calculated 
for the top of the flask. Therefore, for: 

Qtt = Qtc + Qtr+ Qbc + Qbr 

[UQ, / QttI2 = [ u  Qtc / Qtc] + [ u  Qtr / Qbrl + [ u  Qbc / Qbcl + [ u  Qbr / Qbrl 

[U,, / Qtt] = 52.8% 
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6. AHg = - AH0 - AHp + Qtt + Qc + AHog 

[U Qc /Qc] = 0.37 

[UAIQ/ AHg] = 77% 

The analysis above forces the conclusion that we have virtually no certainty of the heat generated 
by reaction based on the method employed. The major components of uncertainty are the heat added by 
the oil (because of its unknown heat capacity), and the subsequent heat losses through the reflux 
condenser and the walls of the flask. The heat losses through the walls of the flask are not truly 
independent since these losses are calculated from the heat added by the oil and, therefore, are correlated 
to the heat added by the oil. Since the uncertainty of the heat lost is correlated to the heat added, the 
overall error above may be estimated high. However, there is no reason to hrther quantify the error since, 
as has been stated, the estimated heat generation rate is much greater than the heat that should be 
generated as calculated by thermodynamics. The only conclusion that can be drawn at this point is that the 
heat generated by reaction should be less than that measured in the current apparatus. 

TO 4: Estimate the Bulk Gas Generation Rate 

The bulk gas generation rate, Mog, defined as the reflux exit gas flow rate in the previous section, 
is determined using a “bubble-meter’’ and a stopwatch. 

We use bubble meters graduated in 0 to 50 mL, or 0 to 10 mL, depending on the flow rate of gas 
from the reaction flask. If the volume measured is designated, Vog, and the time measured by the 
stopwatch is AO, the grams per minute flowing from the reaction flask is calculated as: 

Mog = Vog pog / A0 

A density measurement, pog, is required to convert the calculated accm to a mass flow rate. The 
ideal gas law is used along with the absolute pressure, room temperature and the estimated gas molecular 
weight. The Excel spreadsheet uses the measured or estimated gas composition to estimate the molecular 
weight. The final density equation is then: 

pog = Pa Mw/ (R Ta) 

with Pa and Ta indicating the absolute pressure and temperature, respectively, and R being the gas 
constant. 

B-1 I 



The mass flow equation is then, when put together: 

Mog = Vog Pa Mw,,/ (R Ta AO) 

The mass flow is a point value and is measured with the bubble meter every 15 min throughout 
each test run. To determine the total mass of gas from the reaction, each succeeding point value is 
averaged with the immediately previous point value and multiplied by the time interval between them. 
The calculated mass of gas between every 15 min time interval is then added to the previous sum to 
“integrate” the rate versus time curve. 

Uncertainty Analysis 

The reduced uncertainty equation is: 

Mog = Vog Pa Mw,,/ (R Ta AO) 

The estimated uncertainties and absolute values from Run F-16 (SOOC, 500 mL H202, 12 hr) are 
listed below: 

UV,,/ Vog = 0.05 mL/ 50 mL 

Upa/ Pa = 0.005 psi / 12.08 psia 

UM,,,/ Mwog = (0.6 g/gmol) / (3 1.3 g/gmol) 

UTA/TA = 3C0 / 293 K 

U A8 /AO = 0.02 sec / 7.02 sec 

The above numbers give an estimated uncertainty for the bulk gas generation rate of 

UMog / Mog = f 2.4% 

TO 9: Determine the Behavior of VOCs in the Off-gas 

The mass of volatiles exiting the reaction flask through the off-gas is estimated by multiplying the 
volume fraction of the particular compound (as measured by GUMS) by the molar flowrate of the offgas. 
This product is then multiplied by the molecular weight of the compound. The total mass of each 
compound is then calculated by integrating the point values as described above. 

M,ft = [ CFT ] Mog Mw,fi/ Mwog 
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Uncertainty Analysis 

The other two values have been determined in the previous section, giving an overall uncertainty 
for VOCs in the off-gas of about, 

{UM[CFT] / [CFT] } = 40.1% 
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Appendix C 

Test Run Summaries 
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MSE-TA 

hydraulic oil 
cutting oil 
Isooctane 

TEST RESULTS 

2.0938 2.38 2.013 
2.0938 2.38 2.024 

none 

H 1 120.04421 120.04 

1 O f 4  
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MSE-TA TEST RESULTS 

2 O f 4  
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MSE-TA 

7/22/20031 

TEST RESULTS 

Test Results 

TEST RUN 

I I 

MV-1 
Results Str RPM 372 

Product slurry Sp Gr 1 1 3  
Final Product Slurry, ml 129 

Final Product Slurry, gm 
Dewar Flask net wt , gm 

Liquid/slurry Product, gm 

146.1 
0.007 
146 1 (Slurry Wt, 100% H202/02 RXN) 291 

Species Mass Results 1 Species Mass Results 1 
TriChloroEthylene 

Slurry analysis, 1, mg/kg 
Slurry analysis, 2, mg/kg 

3 O f 4  

c-5 

Hexach IoroBenzene 
2 00 U 

0 219 J 

Avg mg/kgl 19801 
Total mg 1 02891 

I I 
TCA DRE % 

slurry mg 1 I 

~ ~ ~ 

Aroclor DRE % 
I I 

BEHP 
Slurry analysis, 1, mg/kg 
Slurry analysis, 2, mg/kg 

Avg , mg/kg 
Total, mg 

I I 

Semivolatile samples destroyed in shipping 
#DIV/OI 
#DIV/OI I I 



MSE-TA 

S Kujawa 

TEST RUN 
7/28/2003 

TEST RESULTS 

I I 
~ ~ 

MV 
numbers in red are questionable 

I I 
Condenser Bath Oil Bath 

Time 1 
ISet Point Temperature, Deg C 1 51 ISet Point Temperature, Deg C 1 1001 
I I I I I I I I I 

 BOSS DS oil density, gm/ml 1 08441 

~ 

emisivity 0 941 emisivity 0 941 

Radiative Loss cal/min 1 5571 Radiative Loss cal/min 1 8341 
Convective Loss cal/min 01 Convective Loss cal/min 01 

~ ~ ~ 

4 O f 4  

C-6 



MSE-TA 

water 
hydraulic oil 
cutting oil 

TEST RESULTS 

120 0442 120 04 120.371 
2 0938 2 38 2.059 
2 0938 2 38 2.134 

Aroclor-1260 1 none 

Component 
REAGENTS 

Grams Milliliters Micro L Grams Milliliters Micro L 
I 

1 o f 6  

c-7 

HCB 0 0056 1 0.00641 HCB 1 



MSE-TA TEST RESULTS 

2 o f 6  

c-8 



MSE-TA TEST RESULTS 

3 o f 6  

c-9 



MSE-TA TEST RESULTS 

S Kujawa 
8/6/2003 Test Results Str RPM 456 Start 

~ ~ ~ 

TEST RUN F-6 

IProduct slurry Sp Gr 1171 
IFinal Product Slurry, ml 632 1 
I I I I I I I I I 

TriChloroEthylene Anal code HexachloroBenzene Anal code 
Slurry analysis, 1, mg/kg 11 600 Slurry analysis, 1, mg/kg 17 800 
Slurry analysis, 2, mg/kg 12 400 Slurry analysis, 2, mg/kg 32 100 J 

Avg , mg/kg 12 000 Avg , mg/kg 24 950 
Total, mg 8 863 Total, mg 18428 

8/8/2003 I I I I I I I I I 
All heat transfer calculations are to be considered incorrect due to uncertainty of the condenser water flow rates during the runs through run F-6 

I I I I I I I I I 
1 

4 o f 6  

c-10 



MSE-TA TEST RESULTS 

IReactor Temperature, C 44 1 lP1 Gas Temp Deg C 24 1 
IPeroxide Temperature, F 71 61 IGas Flow Rate, gm/min 1 00081 

5 o f 6  

c-1 I 



MSE-TA TEST RESULTS 

15:19lWater Return Temp, Deg C I 8.31 1011 Return Temp, Deg C I 42.91 I I I 
1000~ lbucket ckvolume, ml 1001 

I I I 

6 o f 6  

c-12 



MSE-TA 

water 
hydraulic oil 
cutting oil 

TEST RESULTS 

120 0442 12004 120.198 
2 0938 2 38 2.167 
2 0938 2 38 2.104 

I R E A G E N T S  
Icomponent 1 I I I I Grams1 Milliliters1 Micro Ll 1 Grams 1 Milliliters 1 Micro L 
I I I I I I I I 

I I I I I I I I I I I I I 

1 o f 8  

C-13 



MSE-TA 

I I I 
Note At the end of data collection. gas 
was still being generated at the rate it had 
been throughout the run Reaction was still 
occurring STK. 8/12/03 

TEST RESULTS 

Avg's 0021 7200 15 1 Avg 45.7 

2 o f 8  

C-14 



MSE-TA TEST RESULTS 

3 o f 8  
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MSE-TA 

S Kujawa 
8RlR003 

TEST RUN 

TEST RESULTS 

F-13 
I I I I I I I I I I I I I I 
llnstantaneous rates: 1 llntegrated quantities: 1 
1 02,gmlmin I C02,glm 1 H20gIm 1 COgIm 1 TCE glm 1 PCE glm 1 TCAgIm 1 02 ,gm 1 C02,gm 1 H20gm 1 COgm 1 TCE gm 1 PCE gm 1 TCAgm 

I 

4 o f 8  

C-16 



MSE-TA 

TetraChloroEthylene 
Slurryanalysis. 1. mg/kg 
Slurry analysis. 2. mg/kg 

Avg , mgkg 
Total. mg 

TEST RESULTS 

Bi-Phenyl 
Sluny analysis. 1. mgkg 
Sluny analysis. 2. mgkg 

3 640 J 
2 980 J 

4870 
9 620 
7 245 Avg , mgkg 3 310 
4 487 Total. mg 2 050 

1 Species Mass Results 1 I 1 Species Mass Results 1 I I 
I I I 

I 
I 

I 

I I I I I I I I I 
1 Residudl peroxide tkst s h w s  approximatelv 35% in the adueous laver1 

I I I I 

5 o f 8  

C-17 



MSE-TA TEST RESULTS 

6 o f 8  

c-18 



MSE-TA TEST RESULTS 

I I I Heat Balance 
S Kujawa 

TESTRUN 1 F-13 I I 
811 112003 1 

I , , 
Condenser Bath Oil Bath 

I I I I I I I I I 
ISet Point Temperature, Deg C 1 51 ISet Point Temperature, Deg C 1 501 I I I 
I I I I I I 

Time 1 I I  BOSS DS oil density. gmlml 1 08951 I I I 
I  BOSS DS oil heat cap callgmldeg C 1 0 41 

I I I I I I I I 

7 o f 8  

C-19 



MSE-TA TEST RESULTS 

8 o f 8  
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MSE-TA 

water 
hydraulic oil 
cutting oil 

TEST RESULTS 

120 0442 120 04 120.203 
2 0938 2 38 2.160 
2 0938 2 38 2.183 

Component 

HCB 
BP 

I I I I I I I I I I I I I 

I 
REAGENTS 

Grams Milliliters Micro L Grams Milliliters Micro L 

0 0056 0.0060 
0 0029 0.0029 

1 O f 5  

c-2 1 



MSE-TA 

TEST RUN F-20 

Run Time Gas Vol, cc Time, sec accm Temp, C P bar0 MW Density gmlmin Time delta Rate avg Mass delta Mass sum 
psa  Iblfl"3 0 min gmlmin gm gm 

TEST RESULTS 

Rctr T 
Deg C 

IS Kuiawa I I I I I I I 
I 811 5R003 1 

I I I I I I 
I I I I I I I I I I I I I 

2 O f 5  

c-22 



MSE-TA 

~ 

Mass balance wlo gas 

Species Mass Results 

TEST RESULTS 

86% 

Species Mass Results 

ITCE DRE % 

I 
ITCA DRE % 

3 O f 5  

C-23 



MSE-TA 

Flask Top Surface Temp , C 
Flask Top Surface Temp , F 
AirTemp .F 

Top flask Area. m"2 
Overall HT  coef BtulhrlFlsq fl 

emisivity 

TEST RESULTS 

71.6 Flask bottom Surface Temp , C 79.4 
161 Flask bottom Surface Temp , F 175 
70.7 AirTemp .F 70.7 
2 75 Overall HT coef 2 75 
188 bottom flask Area. m"2 265 
0 94 emisivity 0 94 

I I I 
The heat balance and heat generation calculations are very 
"ncertaln 
due to lack of physical properties for the heating 011 Efforts are 
being made to determine operating heat capacities and 

I I I I 
I I I I I I I 

IBoss DS 011 density. gmlml 1 0 8731 

I I I 

I 

I I I I B O S S  DS 0 1 1  heat cap callgmldeg 1 o 41 I I 

4 O f 5  
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MSE-TA TEST RESULTS 

I I I I I I I I 
1 The heat balance and heat generation calculations are vely 

I I "ncertalr I I I 

I 1 due to lack of physical propelties for the heating oil Efforts are I I I 
1 

I I I I I I I I I 
being made to determine operating heat capacities and 

I I I I I I I I I  BOSS DS oil density. gmlml 1 0 8731 
I I I  BOSS DS oil heat cap callgmldeg 1 0 41 I I I 



MSE-TA TEST RESULTS 

1 o f 6  
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MSE-TA TEST RESULTS 

2 o f 6  
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MSE-TA 

11 00 

11 30 
11 15 

TEST RESULTS 

95 4% 0.4244% 4% 00030% 8 7 1.55 31 5 

95 1% 0.6659% 4% 0.0048% 8 7 1.55 31 5 
95 3% 05452% 4% 00044% a 31 5 

3 o f 6  

C-28 



MSE-TA TEST RESULTS 

I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 

4 o f 6  
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MSE-TA TEST RESULTS 

Final Product Slurry, gm 390.1 
Dewar Flask net wt , gm 0.3031 

Liquid/slurry Product, gm 390.4 (Slurry Wt, 100% H202/02 RXN) 404 

Product Gas Weight, gm 70 9 

Product Wt, gm: 461 3 

Total Charge Weight, gm: 474.2 

1 Species Mass Results 1 Species Mass Results 
I I I I I I I I I 
TriChloroEthylene Anal code HexachloroBenzene Anal code 

Slurry analysis, 1, mg/kg 0 952 J Slurry analysis, 1, mg/kg 0 736 J 
Slurry analysis, 2, mg/kg 0 740 J Slurryanalysis, 2, mg/kg 0 818 J 

Avg , mg/kg 0 846 Avg , mg/kg 0 777 
Total, mg 0 330 Total, mg 0 303 

TetraChloroEthylene Bi-Phenyl 
Slurry analysis, 1, mg/kg 1 960 U Slurry analysis, 1, mg/kg 4 940 U 
Slurry analysis, 2, mg/kg 1 950 U Slurry analysis, 2, mg/kg 4 450 U 

Avg , mg/kg 1 955 Avg , mg/kg 4 695 
Total, mg 0 763 Total, mg 1832 

Slurry analysis, 1, mg/kg 1 960 U Slurry analysis, 1, mg/kg 2 600 
Slurry analysis, 2, mg/kg 

Avg , mg/kg 1 955 Avg , mg/kg 2 600 
Total, mg 0 763 Total, mg 1014 

1 950 U Slurry analysis, 2, mg/kg 

5 o f 6  

C-30 



MSE-TA 

S Kujawa 
8/20/2003 

TEST RUN 

TEST RESULTS 

F-21 
Cnndpnspr Rath I I I 011 Rath 

ISet Point Temperature, Deg C 1 51 ISet Point Temperature, Deg C 1001 

I I I 
The heat balance and heat generation calculations are very 
uncertain 
due to lack of physical properties for the heating oil Efforts are 
being made to determine operating heat capacities and densities 

I I I I 

Boss DS oil density, gmlml 
Boss DS oil heat cap callgmldeg C 

0 873 
0 4  

10:45lWater Return Temp, Deg C 

I 1 Flask Top Surface Temp, C 67.91 IFlask bottom Surface Temp, C 72.61 

6.71 1011 Return Temp, Deg C 80.1 1 

Flask Top Surface Temp, F 
AirTemp ,F 
Overall HT coef BtulhrlFlsq ft 

154 Flask bottom Surface Temp, F 163 
76.5 Air Temp ,F 76.5 
2 75 Overall HT coef 2 75 

IRadiative Loss callmin 1 
IFlask top Heat Loss callmin 
I I 

Top flask Area, in"2 

Convective Loss, callmin 
emisivity 

, 1 Reactor Temperature, C 90.71 lP1 Gas Temp Deg C 24.51 

188 bottom flask Area, in"2 265 

1172 Convective Loss, callmin 1832 
0 94 emisivity 0 94 

6 o f 6  

c-3 1 



MSE-TA TEST RESULTS 

1 O f 4  
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MSE-TA 

15 00 
15 15 
15 30 
15 45 

TEST RESULTS 

10 8 3 1  72 91 12 16 31 3 0 0 6 4  0075 1 5 0  0 0 8 7  I 308 111 7 a5 2 
10 9 6 6  62 91 1213 3 1 3  0 0 6 4  0064 1 5 0  0 0 6 9  1 0 3 9  1 1 2 8  a4 9 
10 1 2 4 4  48 91 12 13 31 3 0 0 6 4  0050 1 5 0  0 0 5 7  0 8 5 2  1 1 3 6  a4 9 
10 1 6 8 7  36 93 12 13 31 3 0 0 6 4  0 0 3 6  1 5 0  0 0 4 3  0 6 4 6  1 1 4 3  a3 5 

Run Time 

I I I I I I 
the percents and PPMv below are dummy numbers pending GUMS results 

% 0 2  1 % CO2 1 % H 2 0  1 % CO IPPMv TCE~PPMV PCEl PPMv TCA MW 
I I I I I I 

2 O f 4  
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MSE-TA 

TEST RUN 

TEST RESULTS 

F-9 
Results 

Product slurry Sp Gr 104 
Final Prorliict S l u m  ml 500 

S Kujawa I I I I I I I I I 
I I I I I I I I I 

7/23/2003 1 Test Results IStr RPM 1 2881 

3 O f 4  

c-34 



MSE-TA TEST RESULTS 

S Kujawa 

TEST RUN F-9 numbers in red are questionable 

~ ~ ~ ~ ~ 

7/29/2003 
~ ~ ~ ~ ~ 

I 

heat loss and heat transfer coefflcient on1 
8 40 Water Return Temp vag r 1 

bucket ck volume ml 
Bucket ck time sec Bucket ck time sec 

Enthall 4904 

lAccumulation/Generation. cal/min 1 -5805 1 
I I I I I I I I I 

I I I I I I I I I 
18/8/2003 
IAll heat transfer calculations are to be considered incorrect due to uncertainty of the condenser water flow rates through run F-6 I I 

4 O f 4  

c-35 



MSE-TA TEST RESULTS 

1 O f 4  
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MSE-TA TEST RESULTS 

Ithe percents and PPMv b e l w  are dummy numbers pending GCIMS results 1 
I I I I I I I I I 

Run Time1 % 0 2  1 % CO2 1 % H20 1 % CO 1 PPMvTCE 1 PPMv PCE 1 PPMvTCA 1 MW 1 I I I I I 

2 O f 4  

c-37 



MSE-TA 

Final Product Slurry. gm 
Dewar Flask net wt , gm 

Liquid/slurry Product. gm 

TEST RESULTS 

589 
0.9865 
590 0 (Slurty Wt. 100% HZ02102 RXN) 607 

Product Gas Weight. gm 

Product Wt, gm: 

Total Charge Weight, gm: 

133 0 

723 

749 

I I I I I I 
I 

~ 

1 Species Mass Results 1 I I Species Mass Results I I I I I 
I I 

Slurty mg TBD 
tbd 

~ 

BEHP DRE % #VALUE@ 

1- 
HCB DRE % 

I i. - -  
Tola mg 1 1 8 E ~ 0 0  Run tme a b u r s  

Run Temp 8 6 5 d e g c  
PCE DRE 98 4 3 6 ~  BP DRE WALUEI H2OZ vol 500 ml 

I I I I I I I I I 

Inumbers in red are questionable 
I I I I I I I I I 

3 O f 4  
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MSE-TA TEST RESULTS 

4 0 f 4  
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MSE-TA TEST RESULTS 



MSE-TA TEST RESULTS 

2 O f 5  

C-4 1 



MSE-TA TEST RESULTS 

I 
ITCE DRE % 

1 TetraChloroEthylene 
I Sl,,nV analvsls 1 I 

Bi-Phenyl NOTE 
, - -,.., , ng/kg 1890 U Slurty analysis. 1. mgkg 4 420 u 

Slurry analysis. 2. mg/kg I 930 u Slurty analysis. 2. mgkg 4 410 u 
.. 

Avg , mg/kg 4 415 
Total. mg 1181 Total. mg 2 729 

Avg , m g k g  1910 

I I I I I I 
8/8/2003 I I I I I I 
All heat transfer calculations are to be considered incored due to uncertainty of the condenser water flow rates dunng the runs through run F-6 

3 O f 5  

C-42 



MSE-TA 

Condenser Bath 

Set Point Temperature. Deg C 

TEST RESULTS 

Oil Bath 

5 Set Point Temperature. Deg C 1 1001 I I I 
I I 

I I 
TESTRUN 1 F-SA I I 

Heat Balance 
S Kujawa 1 

7/30/2003~ 

I 

Flask Top Surface Temp , C 

Overall HT coef BtulhrIFlsq fl 

Flask Top Surface Temp , F 
AirTemp .F 

Top flask Area, i n 5  

74.6 Flask bottom Surface Temp, C 79.9 
166 Flask bottom Surface Temp, F 176 
83 Air Temp .F 83 

3 Overall HT coef 3 
i aa bottom flask Area, i n 5  265 

Time 1 I I  BOSS DS oil density gmlml 1 08731 I I I  BOSS DS oil heat cap callgmldeg C 1 I 0 41 
I 

1 emisivity I 0 941 I I I 
I ~ o n v e d i v e  LOSS, cal/min 1 20351 

07" I I I I I 

4 O f 5  

c-43 



MSE-TA TEST RESULTS 



MSE-TA 

water 
hydraulic oil 
cutting oil 

TEST RESULTS 

120 0442 120 04 120.615 
20938 2 3 8  1.921 
20938 2 3 8  2.104 



MSE-TA TEST RESULTS 

I I I I I I I I I I I I I 1 Avg's 1 01541 72001 1 11091 Avg 1 88.5 

I I I I I I I I I I I I I I 

2 0 f 5  

C-46 



MSE-TA TEST RESULTS 

I I I I I I I I I 

I I I I I I I I I 
18/8/2003 
IAll heat transfer calculations are to be considered incorrect due to uncerkinty of the condenser water flow rates during the runs through run F-6 1 I 

3 O f 5  

c-47 



MSE-TA 

S Kujawa 

TEST RUN 
9/16/2003 

TEST RESULTS 

I 
~ ~ 

F-I 0 
I numbers in red are questionable 

Condenser Bath Oil Bath I 

4 O f 5  
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MSE-TA TEST RESULTS 



MSE-TA TEST RESULTS 



MSE-TA TEST RESULTS 

2 O f 5  

c-5 1 



MSE-TA 

Final Product Slurry. gm 
Dewar Flask net wt , gm 

Liquid/slurry Product. gm 

TEST RESULTS 

605.1 
0.8715 
606 0 (Slurty Wt. 100% H202/02 RXN) 624 

TriChloroEthylene 
Slurtyanalysis. 1. mg/kg 
Slurty analysis. 2. mg/kg 

Avg , mgkg 
Total mo 

1 Species Mass Results 1 Species Mass Results 1 NOTE 1 
I I I I I I I I I 

Anal code HexachloroBenzene NOTE Anal code 
1 910 U Slurty analysis. 1. mgkg 0 975 J 
1 950 U Slurty analysis. 2. mgkg 0 778 J 
1 930 Avg , mgkg 0 877 
1 l f i8 Total mo n 530 

TetraChloroEthylene Bi-Phenyl NOTE 
Slurtyanalysis. 1. mg/kg I 910 u Slurty analysis. 1. mgkg 4 640 u 
Slurty analysis. 2. mg/kg I 950 u Slurty analysis. 2. mgkg 4 280 u 

Avg , mgkg 1 930 Avg , mgkg 4 460 
Total. mg 1168 Total. mg 2 699 

I I I I I I 
8/8/2003 I I I I I I 
All heat transfer calculations are to be considered incorrect due to uncertainty of the condenser water flow rates dunng the runs through run F-6 

3 O f 5  
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MSE-TA TEST RESULTS 

S Kujawa 1 I 
lcElo11M I c I.? I 

7/29/2003 1 

4 O f 5  

c-53 
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MSE-TA 

water 
hydraulic oil 
cutting oil 

TEST RESULTS 

120 0442 120 04 120,537 
2 0938 2 38 2.067 
2 0938 2 38 2.088 

1 o f 8  
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MSE-TA TEST RESULTS 

2 o f 8  
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MSE-TA TEST RESULTS 

3 o f 8  
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MSE-TA TEST RESULTS 
IS Kujawa 1 I I I I I I I I I I I I 
1 8/27/20031 
I I I I I I I I I I I I I I 
ITESTRUN 1 F-16 1 
I I I I I I I I I I I I I I 
llnstantaneous rates: I I I I I llntegrated quantities: 1 I I I I 1 02, gm/min 1 Coz .g /m 1 ~ 2 0 g / m  1 COg/m 1 TCE g/m 1 PCE g/m 1 TCAg/m 1 0 2 ,  gm 1 CO2. gm 1 H 2 0 g m  1 C O g m  I TCE gm 1 PCE gm 1 T C A ~ ~  

4 o f 8  
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MSE-TA 

Final Product Slurry. gm 
Dewar Flask net wt , gm 

Liquid/slurry Product. gm 

TEST RESULTS 

619.4 
0.6152 
620.0 (Slurry Wt. 100% H202/02 RXN) 635 

Product Gas Weight. gm 

Product Wt, gm: 

142 3 

762 3 

TrlChloroEthylene 
Slurty analysis. 1. mgkg 
Slurty analysis. 2. mgkg 

Avg , mg/kg 
Total mo 

1- 

I I 
IAroclor DRE % ITCA DRE % 

Anal code Anal code HexachloroBenzene 
I 930 u Slurryanalysis. 1. mg/kg 0 605 J 
I 960 u Slurry analysis. 2. mg/kg 4 920 J 
1 945 Avg , mgkg 2 763 
I 705 Total mo 1711 

IBEHP DRE % I I I I I I 
I 

IVOA and SVOA I I I I I I I I 
lnot yet available DRE is a place holder 
IStk 8/11/03 I I I I I I I I 

5 o f 8  

c-59 



MSE-TA 

S Kujawa 
8/18/2003 

TEST RUN 

TEST RESULTS 

I I 
Heat Balance I 

F-16 I I 
I I 

Condenser Bath I Oil Bath 

Check heat 

ISet Point Temperature, Deg C 1 51 ISet Point Temperature, Deg C 1 1001 I I 
I I I I I I 

I I I 
The heat balance and heat generation calculations are very 
uncettain 
due to lack of physical propetties for the heating oil Effotts are 
being made to determine operating heat capacities and densities 

transfer coef and do error 

I I I I 

8 50 

~ 

I I I I I I I I 

I I I  BOSS DS oil heat cap callgmldeg 11 0 41 I I 
 BOSS DS oil density. gmlml 1 08731 

I I I 

Water Return Temp Deg C 6 6  Oil Return Temp Deg C 78 8 
bucket ck volume ml 1000 bucket ck volume ml 1000 
Bucket ck time sec 56 15 Bucket ck time sec 96 71 

Flow rate mllmin~ 1069 Flow rate ml lmin~ 620 
~ ~ ~ ~ 

6 o f 8  
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MSE-TA 

S Kujawa 
8/18/2003 

TEST RUN 

TEST RESULTS 

~ ~ ~ ~ 

F-I 6 
Condenser Bath Oil Bath 

Set Point Temperature, Deg C 5 Set Point Temperature, Deg C 100 

I I I 
The heat balance and heat generation calculations are very 
uncertain 
due to lack of physical properties for the heating oil Efforts are 
being made to determine operating heat capacities and densities 

I I I I 

I I I I I 
I 

I I I I I I I I 

1 bucket ck volume, ml I 1000 1 1 bucket ck volume, ml I 1000 1 I I 
12:40lWater Return Temp, Deg C 6.9 1 1011 Return Temp, Deg C 79.9 1 

mifmlnl incnl I 

7 o f 8  

C-6 1 



MSE-TA 

S Kujawa 
8/18/2003 

TEST RUN 

TEST RESULTS 

~ ~ ~ ~ 

F-I 6 
Condenser Bath Oil Bath 

Set Point Temperature, Deg C 5 Set Point Temperature, Deg C 100 

I I I 
The heat balance and heat generation calculations are very 
uncertain 
due to lack of physical properties for the heating oil Efforts are 
being made to determine operating heat capacities and densities 

I I I I 

8 o f 8  

C-62 



MSE-TA 

water 
hydraulic oil 
cutting oil 

TEST RESULTS 

120 0442 120 04 
C26H54 366 7 2 0938 2 38 
C26H64 366 7 2 0938 2 38 

S Kujawa I I I I I I I 
9/3/2003 1 Reactor Charge 

120.382 
2.073 
2.049 

TEST RUN F-22 I 
SURROGATE Target 

Component Mol Wt  I Grams Milliliters Micro L 
Charae 150 

00057 0 1470 
00056 0 1453 

I ITotal I I I I I 

I 

I I I I 
Grams 1 Milliliters 1 Micro L 1 

I I I I 

I 0.0069 2 42E-05 0 0001 
0.0032 2 O ~ E - O ~  o 0002 

1 O f 7  

C-63 



MSE-TA TEST RESULTS 

Iljl Rctr T 

2 O f 7  
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MSE-TA TEST RESULTS 

20 151 96 1%1 31 91 
20 301 96 O%l 1.9%1 21%1 I I I I 31 91 I 

3 O f 7  
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MSE-TA 

TEST RUN 

instantaneous rates: 
02,gmlmin 

TEST RESULTS 

F-22 

Integrated quantities: 
C02,g lm H20g lm COglm TCE glm PCE glm TCAglm 02 ,gm C02,gm H20gm COgm TCE gm PCE gm TCAgm 

IS Kuiawa I I I I I I I I I I I I 
~ 812712003 1 

I 

4 O f 7  
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MSE-TA TEST RESULTS 

5 O f 7  
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MSE-TA 

S Kujawa 
9/3/2003 

TEST RUN 

TEST RESULTS 

_________ _______ _______ _________ _______ 

F-22 I I I 
Cnndenser Rrrth nil Rrrth 

No heat balance data 
collected for run F-22 

~ 

I I I I I I I I I 
ISet PointTemperature, Deg C 1 51 ISet Point Temperature, Deg C 1001 
I I I I I I I I I 

The heat balance and heat generation calculations are very uncertain 
due to lack of physical properties for the heating oil Efforts are being made to 
determine operating heat capacities and densities 
STK a/i2/2003 

Boss DS oil density, gm/ml 
Boss DS oil heat cap cal/gm/deg C 

o a73 
0 4  

6 o f 7  
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TEST RESULTS 

7 O f 7  
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